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DESCRIPTION 
METHOD FOR MANUFACTURING HEAT EXCHANGER 

Cross Reference to Related Applications 

This application is an application filed under 35 U.S.C. 
§ 111(a) claiming the benefit pursuant to 35 U.S.C. § 119(e) (1) of 
the filing data of Provisional Application No. 60/301, 848 filed on 
July 2, 2001 pursuant to 35 U.S.C. § 111(b). 

Technical Field 

The present invention relates to a method for manufacturing 
a heat exchanger made of aluminum or its alloys (hereinafter simply 
referred to as "aluminum") such as a condenser, an evaporator and 
the like for use in automobile, household or office air-conditioning 
systems. 

Background Art 

There is a heat exchanger having a heat exchanging core in 
which fins are disposed between the adjacent heat exchanging tubes. 
Fig. 1 shows the so-called parallel flow type heat exchanger. In 
the heat exchanger, a plurality of flat tubes as heat exchanging 
tubes are disposed in parallel between a pair of parallel headers 
1 and 2 with the opposite ends thereof connected to the headers 
1 and 2 in fluid communication. Between these flat tubes 3, 



WO 0224390A1 I > 



WO 02/24390 



2 



PCT/JPO 1/08294 



corrugated fins 4 are disposed to form a heat exchanging core 10. 
The heat exchanging medium introduced into one of headers 1 through 
the inlet 5 provided at the header 1 passes through the heat 
exchanging core 10 in a meandering manner by the partitions 6 mounted 
in the headers 1 and 2 while exchanging heat with the ambient air. 
Then, the heat exchanging medium flows out of the outlet 7. The 
reference numerals 8 and 9 denote a belt-shaped side plate disposed 
at the upper and lower ends of the heat exchanging core 10. 
respectively. In addition to the aforementioned heat exchanger, 
there are another types of heat exchangers / such as a heat exchanger 
equipped with flat tubes and plate fins disposed perpendicular to 
the tubes and a heat exchanger including a serpentine tube bent 

i 

in a meandering manner as a heat exchanging tube. 

Generally. in manufacturing these heat exchangers, 
components are assembled into a provisional assembly, and then the 
provisional assembly is subjected to a brazing process in a brazing 
furnace to integrally join the components. Conventionally, in 
order to perform the brazing in a brazing furnace, an aluminum flat 
tube with zinc coating formed by thermally spraying molten zinc 
onto the external surface of the tube is used as a heat exchanging 
tube, and a fin comprising an aluminum base member and a brazing 
coating covering the entire surface thereof are used. The flat tube 
and the fin are brazed in a brazing furnace. According to another 
manufacturing method, an aluminum bare member with no clad brazing 
material is used as a fin. and powder-brazing materials are applied 
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to the joining portions of the flat tube and the fin. Then, brazing 
is performed. 

According to the aforementioned fin made of brazing materials , 
there is an advantage that even if the fin is complicated in 
5 configuration and has many joining portions like a corrugated fin 
it is possible to braze it to the flat tube efficiently at one time. 
However, the total joining area of the portions to be joined is 
very small and that brazing materials are provided on the entire 
surface of the fin. Accordingly, excessive brazing materials are 
10 consumed, resulting in increased material costs and increased 
weight. Furthermore, at the time of brazing in a brazing furnace, 
the base metal of the fin may be eroded by the brazing materials, 
causing deformation thereof. Since this deformation should be 
prevented, it was difficult to reduce the thickness of the base 
15 metal, resulting in increased fin weight, which in turn makes it 
difficult to reduce the weight of the heat exchanger. On the other 
hand, according to the method in which powder-brazing materials 
are supplied to joining, portions of the flat tubes and the fins 
to form a brazing coating, it takes a time to apply the brazing 
20 materials. Furthermore, it is difficult to control the grain size 
and the thickness of the coating, resulting in uneven thickness 
of the coating, .which in turn causes poor joined portions, partial 
erosion , etc . 

In view of the aforementioned drawbacks, the present 
25 invention has been proposed. 
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It is an object of the present invention to provide a method 
for manufacturing a heat exchanger which can reduce weight and 
thickness of a fin constituting a heat exchanging core and material 
costs thereof. 

It is another object of the present invention to provide a 
method for manufacturing a heat exchanger which can prevent 
deformation of the 1 fin due to the erosion thereof caused by brazing 

materials at the time of brazing in a brazing furnace. . 

i 

It is still another object of the present invention to provide 
a method for manufacturing a heat exchanger which can improve the 
assembly handling . 

It is still yet another object of the present invention to 
provide a method for manufacturing a heat exchanger which can reduce 
weight and manufacturing costs of the entire heat exchanger. 

Disclosure of Invention 

According to the first aspect of the present, a method for 
manufacturing a heat exchanger, comprises the steps of extruding 
an aluminum material into a flat tube which constitutes a heat- 
exchanging tube, integrally adhering a brazing foil via a sprayed 
metal coating to a flat surface of the flat tube immediately after 
extrusion of the flat tube, the sprayed metal coating having a 
melting point lower than a melting point of the brazing foil, 
combining the flat tube having the brazing foil with a fin, and 
heating the flat tube with the brazing foil and the fin to melt 



0224390A1.I > 



WO 02/24390 



5 



PCT/JPO 1/08294 



said brazing foil to thereby join the fin to the flat tube. 

According to the second aspect of the present, a method for 
manufacturing a heat exchanger, comprises the steps of extruding 
an aluminum material into a flat tube which constitutes a heat 
exchanging tube, supplying a brazing foil to a flat surface of the 
flat tube immediately after extrusion of the flat tube, thermally 
spraying metal onto the flat surface of the flat tube and/or a 
surface of the brazing foil at the time of supplying the brazing 
foil to the flat surface of the flat tube to form a sprayed metal 
coating, the metal having a melting point lower' than s melting point 
of the brazing foil, pressing the brazing foil on the flat surface 
of the flat tube to thereby adhere the brazing foil to the flat 
tube via the sprayed metal coating, combining the flat tube having 
the brazing foil with a fin, and heating the flat tube with the 
brazing foil and the fin to melt the brazing fin to thereby join 
the flat tube to the fin. 

According to the aforementioned former and latter 
manufacturing methods, the brazing foil which carries out the 
Joining of the aluminum flat tube and the fin constituting a heat 
exchanging core is adhered to the flat tube whose surface area is 
much smaller than that of the fin. Furthermore, it is not necessary 
to attach the brazing foil to the entire surface of the flat tube, 
but enough to attach the brazing foil to a certain width of the 
flat tube so that a prescribed joining strength can be secured. 
Accordingly, as compared with the cases where brazing materials 
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are applied to a fin, the amount of brazing materials decreases 
greatly as a whole, resulting in reduced material costs. 
Furthermore, since there is no concern about deformation and/or 
breaking of the fin by ' the erosion thereof due to the brazing 
materials at the time of brazing the flat tube and the fin, a thin 
member can be used as the fin. In addition to the decreased amount 
of brazing materials, this can greatly contribute to reduce the 
weight of the whole heat exchanger, and can avoid poor dimension 

i 

and/or poor appearance of the heat. exchanger due to deformation 
of the fin . 

Furthermore, in the aforementioned methods, the brazing foil 
is adhered to the aluminum flat tube as a heat exchanging tube by 
utilizing the heat of the extruded tube immediately after the 
extrusion. Furthermore, the brazing foil is adhered to the tube 
via the low melting point sprayed metal coating. Accordingly, the 
brazing foil can be adhered assuredly to the tube by utilizing the 
solidification of the thermally sprayed metal. 

To the contrary, in cases where a brazing foil is disposed 
simply between the flat tube and the fin without being adhered to 
the surface of the tube, it is necessary to enlarge the width and 
thickness of the brazing foil. from the view point of handling. 
Accordingly, the amount of brazing materials increases, and it 
requires a lot of efforts and labors to assemble the heat exchanging 
core before the brazing in a brazing furnace, resulting in low 
manufacturing efficiency. 
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Furthermore, according to the second, aspect of the present 
invention, since the brazing foil is pressed onto the flat surface 
of the flat tube to thereby adhere the brazing foil to the flat 
tube via the sprayed coating, the adhering strength of the brazing 
foil can be fully secured and that the thickness of the sprayed 
metal coating becomes more even. 

It is preferable to use Zn as the low melting point metal to 
be sprayed.- In this case, since the Zn will surely exist on the 
surface of the flat tube, diffusion of Zn for sacrifice erosion 
protection can be performed smoothly. Furthermore, since the fin 
does not come into contact with the Zn directly, erosion of the 
fin due to Zn can be avoided effectively. 

It is preferable that the amount of low fusion metal to be 
sprayed falls within the range of from 3 g/m 2 to 50 g/m 2 . This enables 
the brazing foil to integrally be adhered to the tube by utilizing 
the solidification of the low melting point metal, and can assuredly 
avoid bad influences such as erosion of the fin due to the existence 
of excessive low melting .point metal. Furthermore, in cases where 
the amount of low fusion metal to be sprayed falls within the range 
of from 5 g/m 2 to 15 g/m 2 , the aforementioned effects can be obtained 

more assuredly. 

As for the width of the brazing foil, it is preferable that 
the width is one fourth or more of a width of the flat tube. This 
enables to obtain sufficient joining strength while restraining 
the amount of brazing materials. It is more preferable that the 



0224390A1 .I > 



WO 02/24390 



8 



PCT/JPO 1/082 94 



width of brazing foil is half or more of a width of the flat tub. 
This further enhances the joining strength. 

It is preferable that a thickness of the brazing foil falls 
within the range of from 2 to 100 um. By setting the thickness to 
5 this range, enough joining strength can be obtained while reducing 
the amount of materials constituting the brazing foil. It is more 
preferable that the thickness of the brazing foil falls within the 
range of from 2 to 40 urn. By setting the thickness to this range, 
erosion of the base metal of the heat exchanging tube can be 

L0 assuredly prevented, resulting in a lightweight heat exchanger- 
It is preferable that the brazing foil comprises 5 to 20 wt% 
of Si, 0 to 5 wt% of Zn, 0 to 0.5 wt% of In, and the balance Al 
and impurities . This brazing foil enhances the brazing of the 
aluminum flat tube and the fin as well as the joining strength 

15 thereof. 

It is preferable that the average diameter of grains 
constituting the brazing foil is 20 um or less. This brazing foil 
also enhances the brazing of the aluminum flat tube and the fin 
as well as the joining strength thereof. 

20 

Brief Description of Drawings 
Fig. 1 is a front view showing the so-called parallel flow 
type heat exchanger as an embodiment of a heat exchanger according 
to the present invention. 
25 Fig. 2 is a perspective view showing the principal part of 
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the heat exchanging core of the parallel flow type heat exchanger 
according to the present invention. 

Fig. 3 is a schematic side view showing an example of the 
adhering method of the brazing foil to the aluminum flat tube in 
5 the method for manufacturing the heat exchanger according to the 
present invention . 

Fig. 4 is a schematic side view showing another example of 
an adhering method of the brazing foil to the tube. 

i 

Fig. 5 is a schematic side view showing still another example 
.0 of an adhering method of the brazing foil to the tube. 

Fig- 6 is an enlarged cross-sectional view showing the 
structure of a portion of the flat tube and a brazing foil adhered 
thereon . 

.5 Best Mode for Carrying Out the Invention 

The present invention can be applied to various types of heat 
exchangers different in tubfe structure and/or fin structure and 
equipped with a heat exchanging core including a heat exchanging 
tube through which heat exchanging medium passes and fins attached 

10 thereto. For example, the present invention can be applied to the 
so-called parallel flow type heat exchanger in which heat exchange 
medium flows in parallel, the so-called serpentine type heat 
exchanger having a tube as a heat exchanging tube bent in a 
serpentine manner and a heat exchanger having plate fins disposed 

25 perpendicular to heat exchanging tubes . 
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The present invention will be explained with reference to the 
multi-flow type heat exchanger shown in Fig. 1 as an embodiment. 

In Fig. 1. the reference numerals 1 and 2 denote a header, 
respectively, 3 an aluminum flat tube constituting a heat exchanging 
tube, 4 a corrugated fin, 5 an inlet for heat exchanging medium, 
6 a partition wall provided in the header 1 and 2 . 7 an outlet for 
heat exchanging medium. 8 and 9 a side plate, respectively, and 
10 a heat exchanging core. 

Since the arrangement of these components and 'the heat- 
exchange function are the same as those explained in the background 
art, the explanation will be omitted. 

As shown in Fig. 2, in the heat exchanger according to the 
present invention, the alternatively disposed flat tubes 3 and 
corrugated fins 4 are brazed by the materials of the brazing foils 
11 adhered to both the upper and lower flat surfaces of each flat 
tube 3. Each flat tube 3 is an aluminum extruded hollow article 
having longitudinally extending partition walls 31 by which the ' 
inner space thereof is. partitioned into a plurality of passages 
32. The corrugated fin 4 is an aluminum bare member with no clad 
brazing material. The fiat tube 3 and the corrugated fin 4 have 
almost the same width. In the aforementioned structure, the 
brazing foil 11 to be used for brazing the flat tube 3 and the 
corrugated fin 4 is adhered to the flat tube 3 having a surface 
area much smaller than that of the corrugated fin 4, and is not 
adhered to the lateral sides of the flat tube 3. Furthermore, the 
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brazing foil 11 is provided only to the minimum width of the upper 
and lower fiat surfaces 3a and 3a so as to secure a prescribed joining 
strength. Accordingly, as compared with the cases where brazing 
materials are applied to the corrugated fin 4, the amount of brazing 
materials greatly decreases as a whole, resulting in greatly 
decreased material costs. Furthermore, since the corrugated fin 
4 will not be deformed by the erosion due to the brazing material's 
at the time of brazing the flat tube 3 and the corrugated fin 4, 
a. thinner corrugated fin 4 can be used without causing any problem. 
Thus, in addition to the decreased amount of brazing materials as 
mentioned above, the weight of the heat .exchanger can be decreased 
as a whole. 

In manufacturing the aforementioned heat exchanger, as shown 
in Fig. 3, the aluminum flat tube 3 is continuously extruded by 
an extruding machine 12. At the same time, metallic materials such' 
as Zn having a melting point lower than that of the brazing foil 
is thermally sprayed onto the upper and lower flat surfaces 3a and 
3a of the flat tube 3 through spraying nozzles 14 and 14 at the 
position immediately after the extrusion. 

Subsequently, the brazing foils 11 and 11, which are 
continuously being supplied in synchronism with the extrusion rate, 
are adhered onto the brazing coatings by the pressure rolls 13 and 
13. As shown in Fig. 4, the thermally spraying of the low melting 
point metal may be performed to the surfaces of the brazing foils 
11 and 11 (the surfaces to be adhered to the tube) . Alternatively, 
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as shown in Fig. 5, the thermally spraying of the low melting point 
metal may be performed to both the flat surfaces of the flat tube 
3 and the inner surfaces of the brazing foils 11 and 11. in these 
methods, since the flat tube 3 immediately after the extrusion from 
the extruding machine 12 still holds high temperature, the brazing 
foils 11 and 11 are adhered when the sprayed metal coatings 15 are 
in a melting state. Thus, the brazing foils 11 and 11 are adhered 

to the tube 3 by utilizing the solidification of the sprayed metal. 

i 

As the aforementioned thermally spraying metal , various metal 
having a melting point lower than that of the brazing foil 11 can 
be used. Although Sn. Zn-Sn alloy, Zn-Al alloy. Al-Si alloy and 
the like may be used, it is more preferable to use Zn because Zn 
diffuses into the surface of the tube to form a good sacrifice 
erosion protection layer. 

Too small spraying amount of the low melting point metal may 
cause inadequate joining strength of the foil 11. on the other 
hand, too much spraying amount thereof will waist the material costs . : 
Especially, too much, spraying amount of Zn may cause erosion of 
the fin. Accordingly, the spraying amount should fall within the 
range of from 3 g/m 2 to 50 g/m 2 . it is preferable that the spraying 
amount falls within the range of from about 5 g/m 2 to about 15 g/m 2 . 
In cases where the thermal spraying is performed to both the flat 
surface 3a of the tube 3 and the surface of the brazing foil n, 
the aforementioned spraying amount denotes the total amount of the 
sprayed metal on the tube 3 and the brazing foil H. 
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In the present invention, the brazing foil 11 is made by 
forming brazing materials into a foil. For example, the brazing 
foil 11 can be easily formed by directly supplying melting brazing 
materials to a rolling mill to obtain a foil having a prescribed 
5 thickness, or to obtain a foil having a thickness larger than the 
prescribed thickness and then obtain a foil having the prescribed 
thickness by applying heat rolling or cold rolling. It is 
preferable that the thickness of the brazing foil 11 falls within 
the range of from 2 to 100 pm, and more preferable that the thickness 
10 of the brazing foil 11 falls within the range of from 2 to 40 pm. 
When the thickness is smaller than 2 pm, it becomes difficult to 
obtain sufficient joining strength. On the other hand, when the 
thickness is larger than 100 pm, the base metal of the heat exchanging 
tube may be eroded at the time of brazing in a brazing furnace. 
15 When the thickness is set to fall within the range of from 2 to 
40 pm, the whole heat exchanger can be greatly decreased in weight. 
The brazing foil 11 is preferably made of aluminum alloys such as 
Al-Si alloy, Al-Si-Zn. alloy and Al-Si-In alloy. In order to obtain 
good brazing nature and good joining strength, it is recommended 
20 to use aluminum alloys comprising 5 to 20 wt% of Si, 0 to 5 wt% 
of za r 0 to 0 . 5 wt% of In , and the balance Al and inevitable impurities 
Furthermore, it is preferable that an average diameter of grains 
constituting the brazing materials is 20 pm or less. When the grain 
is too large, the brazing foil does not melt uniformly at the time 
25 of brazing, which causes deterioration of brazing nature. 
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Furthermore, it becomes difficult to manufacture a thin foil. 

It is preferable that the width f of the brazing foil 11 is 
one fourth or more of the width W of the flat tube 3 (see Fig. 2) . 
More preferably, the width f of the brazing foil is one third or 
5 more of the width W of the flat tube 3. The optimal width f is half 
or more of the width W of the flat tube 3V When this width f is 
smaller than one fourth of the tube width W, sufficient brazing 

cannot be performed. When the width f is half or more of the width 

i 

W of the tube 3, sufficient brazing can be performed regardless 
10 of dimensional tolerance of components. 

The extruded flat tubular element on which the brazing foils 
11 and 11 are adhered is cut into a plurality of flat tubes 3 as 
heat exchanging tubes each having a certain length. These flat 
tubes 3 are combined with fins 4 which are aluminum bare members 
with no brazing material into a provisional heat exchanging core 
10. Then, this provisional heat exchanging core 10 is heated in 
a brazing furnace to thereby braze the flat tubes 3 and the fins 
4 by the melting brazing materials of the brazing foil 11. 

In the aforementioned brazing in a brazing furnace, it is 
recommended that another . components , for example, the headers 1 
and 2, the inlet pipe 5. the partitions 6, the outlet pipe 7, the 
side plates 8 and 9, etc. , in the parallel flow type heat exchanger 
as shown in Fig. 1, are assembled together ' with the tubes 3 and 
the fins 4 into a provisionally assembled heat exchanger, and then 
this provisionally assembled heat exchanger is brazed in a furnace 
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at the same time . The aforementioned another components may be made 
of materials having brazing materials. Alternatively, the 
aforementioned another components may he brazed by brazing 
materials only disposed at the joining portions thereof. However, 
as for the side plates 8 and 9, it is preferable that the side plate 
is made of a brazing member or a member having brazing coating like 
the aforementioned flat tube 3. 
<Examples > 
Examples 1 to 8 

As shown in Fig . 3 , on both the upper and lower flat surfaces 
of the aluminum flat tube 3 which was being continuously extruded 
from the extruding machine 12, Zn was thermally sprayed from the 
nozzles 14 and 14 located at the position immediately after the 
extrusion to form sprayed metal coatings 15 and 15. Immediately 
after the formation of the sprayed metal coatings 15 and 15, brazing 
foils 11 and 11 made of Al-Si alloy (comprising: 8 wt% of Si; and 
the balance Al and impurities) were adhered on the sprayed metal 
coatings 15 and 15 by using pressure rollers 13 and 13. Thus, a 
flat tube 3 on which brazing foils 11 and 11 were adhered was 
obtained. 

The aforementioned flat tube 3 was manufactured by extruding 
AA 1100 aluminum alloy at the extrusion rate of 50 m/min and the 
temperature of 450 - C into a flat tube having a width W of 16 mm, 
a thickness (height) of 1.6 mm, a wall thickness of 0 . 3 mm and four 
follow portions. 
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The spraying of Zn was performed under the conditions of the 
nozzle angle of 30 degrees and the distance of 150 mm while changing 
the spraying mount as shown in Table 1 within the range of from 
5 to 50 g/m 2 . 

i 

As for the brazing, foil 11, the thickness and the ratio of 
'the width to the tube width W were changed variously as shown in 
Table 1 within the range of from 10 to 50 um and the range of from 
30 to 80 %, respectively. - 

Then, flat tubes 3 with the brazing foils 11 each having a 
predetermined length and corrugated fins 4 made of 3003 aluminum 
alloy bare member and having a thickness of 0.1 mm were stacked 
one on the other to assemble a provisional heat exchanging core 
10. Furthermore, the headers 1 and 2 . the inlet pipe 5, the 
partitions 6, the outlet pipe 7, the side plates 8 and 9 were also 
assembled together with the provisional heat exchanging core 10. 
Then, this assembly was brazed in a furnace to obtain the so-called 
parallel flow type heat exchanger. 
<Examples 9 and 10> 

As the spraying metal to be thermally sprayed onto the upper 
and lower surfaces of the flat tube 3 immediately after the extrusion, 
in place of Zn used in the aforementioned examples 1 to 8 , Zn- 
Sn alloy was used. The other conditions were the same as in the 
example 2. Thus, the so-called parallel flow type, heat exchanger- 
was manufactured. 
<Example 11> 
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As the materials of the brazing foil, Al-Si-Zn alloy 
(comprising: 8 wt% of Si; 3 wt% of Zn ; and the balance Al and 
impurities) was employed. The other conditions were the same as 
in the example 6. Thus, the so-called parallel flow type heat 
exchanger was manufactured. 
<Example 12 > 

As the materials of the brazing foil, Al-Si-Zn alloy 
(comprising: 8 wt% of Si; 5 wt% of Zn; and the balance Al and 
impurities) was employed. The other conditions were the same as 
in ttie example 6. Thus, the so-called parallel flow ' type heat 
exchanger was manufactured. 
<Example 13 > 

As the materials of the brazing foil, Al-Si alloy (comprising: 
13 wt% of Si; and the balance Al and impurities) was employed. The 
other conditions were the same as in the example 6. Thus, the 
so-called parallel flow type heat exchanger was manufactured. 
< Example 14 > 

As the materials of the brazing foil , Al-Si alloy (comprising: 
2 0 wt% of Si; and the balance Al and impurities) was employed. The 
other conditions were the same as in the example 6. Thus, the 
so-called parallel flow type heat exchanger was manufactured. 
< Comparative examples 1 to 3> 

On both the upper and lower flat surfaces of the aluminum flat 
tube 3 immediately after the extrusion, an excessive amount of Zn 
(100 g/m 2 , 200 g/nr) was thermally sprayed. Immediately after the 
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spraying, brazing foils 11 were adhered by pressing. Thus, tubes 
with brazing foils were obtained (comparative examples 1 and 2). 
On the other hand, on both the upper and lower flat surfaces of 
the aluminum flat tube 3 immediately after the extrusion, no 2n 
was thermally sprayed. Immediately after the extrusion, brazing 
foils 11 were adhered by pressing. Thus, a tube with brazing foils 
were obtained (comparative example 3).. Then, by using the 
aforementioned flat tube, heat exchanges were manufactured/were 
tried to manufacture in the same manner as in the example 2. 
"(Comparative examples 4 to 6> 

As the materials of the brazing foil, brazing foils including 
the compositions shown in Table 1 were employed. The other 
conditions were the same as in the example 6. Thus, the so-called 
parallel flow type heat exchangers were manufactured or tried to 
manufacture . 

About the heat exchangers obtained according to the 
aforementioned examples and comparative examples, the set yield' 
of the brazing foil, the yield ( dropping of brazing foil) at the 
time of heating, the brazing nature and the existence of erosion 
were examined. The results are shown in Table 2. The evaluation 
method of each item is as follows. 
[Set yield] 

It was examined whether or not the brazing foils were set at 
the predetermined position in a provisional assembly of the flat 
tubes and the corrugated fins . The ratio of the assembly in which 
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the brazing foils were set correctly is shown in Table 2 . 
[Yield (dropping of brazing foil) at the time of heating] 

A miniature heat exchanging core sample of each heat exchanger 
was disposed in a brazing furnace at the temperature of 540 °C for. 
5 15 minutes. Then, it was examined whether or not the brazing foil 
was dropped off, and the ratio of the sample in which the brazing 
foil was not dropped off is shown in Table 2 . 
[Brazing nature] 

The brazed rate of the corrugated fin was examined. 
10' [Existence of erosion] 

About both the fin side and the tube side, it was examined 
whether there is erosion after the brazing. In Table 2, "Yes" 
denotes that erosion of 30 yixn or more exists, and "No" denotes that 
erosion of less than 30 p-m exists. 
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As mentioned above, in the present invention, a brazing foil 
is adhered to an aluminum flat tube, and the flat tube and a fin 
are brazed by the brazing foil. Therefore, the amount of brazing 
materials to be used in a heat exchanging core can be greatly 
decreased. Furthermore, even in cases where the fin is thin, the 
fin will not be deformed by the erosion due to the brazing materials, 
resulting in greatly reduced material costs, a lightweight heat 
exchanging core and enhanced handling of assembly 

i ' 

Furthermore, a brazing foil is adhered on the flat surface 
of the flat tube immediately after the extrusion via a sprayed metal 
coating having a melting point lower than that of the brazing foil, 
and the brazing foil is adhered to the flat tube by utilizing the 
solidification of the sprayed metal . Accordingly, the brazing foil 
can be integrally adhered to the outer surface of the flat tube 
assuredly with enough joining strength while utilizing the heat 
of the extruded tube immediately after the extrusion. Thus, the 
displacing or dropping of the foil at the time of assembling the ! 
heat exchanging core and/or at the time of brazing can be prevented, 
resulting in enhanced manufacturing yield of a heat exchanger with 
no dimensional fault and/or good appearance. 

The Joining portion on the surface of the flat tube to be joined 
to a fin is covered by a brazing foil having a smooth surface which 
is more smooth as compared with the surface of the sprayed metal 
coating . Therefore . the setting of the fin to the tube can be easily 
performed . 
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In cases where Zn is used as the aforementioned thermally 
spraying metal, a sacrifice erosion protection layer due to the 
diffusion of Zn can be formed. Furthermore, since the fin does not 
come into contact with the Zn directly, erosion of the fin due to 
Zn can be avoided effectively, which can prevent a poor dimension 
of the heat exchanger due to deformation of the fins and a poor 
appearance thereof . 

In cases where the amount of low fusion materials to be 

j 

thermally sprayed falls within the range of from 3 g/m 2 to 50 g/m 2 , 
the brazing foil can be adhered to the tube assuredly and can 
assuredly avoid erosion of the fin due to the existence of excessive 
low melting point metal.. Furthermore, in cases where the amount 
of low melting point materials to be thermally sprayed falls within 
the range of from 5 g/m 2 to 15 g/m 2 , the aforementioned effect can 
be obtained more certainly. 

In cases where the width of the brazing foil is one fourth 
or more of a width of the flat tube, enough joining strength can 
be obtained while restraining the amount of brazing materials . 
Furthermore, in cases where the width of brazing foil is half or 
more of a width of the flat tub, more enhanced joining strength 
can be obtained. 

In cases where the thickness of the brazing foil falls within 
the range of from 2 to 100 pm, enough joining strength can be obtained 
while restraining the amount of brazing materials. Furthermore, 
in cases the thickness of the brazing foil falls within the range 
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of from 2 to 40 urn. erosion of the base metal of the heat exchanging 
tube can be assuredly prevented while obtaining sufficient strength , 
and a lightweight heat exchanger can be obtained. 

in cases where the brazing foil comprises 5 to 20 wt% of Si. 
0 to 5 wt% of zn. 0 to 0 . 5 wt% of In. and the balance Al and impurities , 
good brazing performance of the tube and the fin and excellent 
joining strength thereof can be obtained. 

in cases where the average diameter of grains constituting 
the brazing foil is 20 pm or less, good brazing performance of the 
tube and the fin and' excellent joining strength thereof can be' 
obtained. 

This application claims priority to Japanese Patent 
Applications Nos . 2000-289821 filed on September 25. 2000. 
2001-92122 filed on March 28. 2001 and 2001-265807 filed on 
September 3, 2001, the disclosure of which is incorporated by 
reference in its entirety. 

The terms and descriptions in this specification are used only ! 
for explanatory purposes and the present invention is not limited 
to these terms and descriptions. It should be appreciated that 
there are many modifications and substitutions without departing 
from the spirit and the scope of the present invention which is 
defined by the appended claims. A present invention permits any 
design-change, unless it deviates from the soul, if it is within 
the limits by which the claim was performed. 
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Industrial Applicability 

The method of manufacturing a heat exchanger according to the 
present invention can be applied to a method of manufacturing an 
aluminum heat exchanger as a condenser or an evaporator for an 
automobile, -household or office air conditioning system because 
the fin constituting the heat exchanging core can be- lighter and 
thinner and the material costs can be decreased. 
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1 . A method for manufacturing a heat exchanger, comprising 
the steps of : 

extruding an aluminum material into a flat tube which 
constitutes a heat exchanging tube; 

integrally adhering a brazing foil via a sprayed metal coating 
to a flat surface of said flat tube immediately after ( extrusion 
of said flat tube, said sprayed metal coating having a melting point 
lower "than a melting point of said brazing toil; 

combining said flat tube having said brazing foil with a fin; 

and 

heating said flat tube having said brazing foil and said fin 
to melt said brazing foil to thereby join said fin to said flat 
15 tube. 

2 . A method for manufacturing a heat exchanger, comprising : 
the steps of: 

extruding an aluminum material into a flat tube which 
20 constitutes a heat exchanging tube,- 

supplying a brazing foil to. a flat surface of said flat tube 
immediately after extrusion of said flat tube; 

spraying metal onto said flat surface of said flat tube and/or 
a surface of said brazing foil at the time of supplying said brazing 
25 foil to said flat surface of said flat tube to form a sprayed metal 
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coating, said metal having a melting point lower than a melting 
point of said brazing foil; 

pressing said brazing foil on said flat surface of said flat 
tube to thereby adhere said brazing foil to said flat tube via said 
sprayed metal coating ; 

combining said flat tube having said brazing foil with a fin; 

and 

heating said flat tube having said brazing foil and said fin 
to melt said brazing foil to thereby join said flat tube to said 
fin. 

3. The method for manufacturing a heat exchanger as recited 
in claim 1 or 2, wherein Zn is used as said metal to be sprayed. 

4. The method for manufacturing a heat exchanger as recited 
in claim 1 or 2 , wherein an amount of said metal to be sprayed falls 
within the range of from 3 g/m 2 to 50 g/m 2 . 

5. The method for manufacturing a heat exchanger as recited 
in claim 1 or 2 , wherein an amount of said metal to be sprayed falls 
within the range of from 5 g/m 2 to 15 g/m 2 , 

6 . The method for manufacturing a heat exchanger as recited 
in claim 1 or 2 , wherein a width of said brazing foil is one fourth 
or more of a width of said flat tube. 
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7. The method for manufacturing a heat exchanger as recited 
in claim 1 or 2 , wherein a width of said brazing foil is half or 
more of a width of said flat tube . 

8. The method for manufacturing a heat exchanger as recited 
in claim 1 or 2 , wherein a thickness of said brazing foil falls 
within the range of from 2 to 100 urn. 

9. The method for manufacturing a heat exchanger as recited 
in claim 1 or 2 . wherein a thickness of said brazing foil falls 
within the range of from 2 to 40 pm. 

10. The method for manufacturing a heat exchanger as recited 
in claim 1 or 2, wherein said brazing foil comprises: 

5 to 20 wt% Of Si; 

0 to 5 wt% of Zn; 

0 to 0.5 w-t% of In; and 

the balance Al and impurities . 

11. The method for manufacturing a heat exchanger as recited 
in claim 1 or 2 , wherein an average diameter of grains constituting 
said brazing foil is 20 urn or less. 
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